Die-pattern technique is presently the most prevalent in use as a general method of constructing inlays, and crown and bridge work. A wax pattern is prepared on a stone die and taken out to be invested and cast. This method and process of taking wax patterns out of the die occasionally causes deformation or damage to patterns due to handling or the properties of the wax itself, and this affects the adaptation accuracy of the cast products. To find a solution to this problem, the following method has been reexamined. Wax patterns are taken on a die (model) made of investment and the die itself, with pattern on it, is invested and cast (refractory dieinvesting technique). As a result, die-investments well adaptable for this technique have been developed and the technique has become applicable to the realm of inlays, and crown and bridge work [1] [2] [3] [4] [5] [6] [7] [8] .
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Unlike conventional casting investments, die-investments have certain properties, large in setting expansion and small in thermal expansion. That is, compensation for the casting shrinkage of alloys depends mainly on setting expansion and additionally on thermal expansion. Consequently, to obtain cast products preferable in adaptability, it is required that working models made of die-investments should have even expansion.
The setting expansion of models in the process of construction is, however, under the influence of various factors and even expansion cannot always be expected. We therefore have to decrease the unfavorable factors causing the uneven expansion as much as possible and gather further data on all the factors having effects on the setting expansion so as to obtain preferable working models.
The authors, in the process of constructing working models, examined the factors presumably having effects on the setting expansion of die-investments: that is, kinds and thicknesses of impression material, shape and taper of the abutment tooth, shape of the tray and the existence of a base block on the models [9] [10] [11] [12] [13] [14] , and several findings concerning the phase of setting expansion under the influence of these factors were obtained. On the basis of these findings the authors herewith will try to explain the setting expansion tendencies of die-investments which should be required for constructing working models of crown and bridge. Setting expansion differs in accordance with the impression material to be used which has a subtle influence on the model surface as well.
In the case of alginate impression material, the expansion tendency being unstable, a considerable difference of expansion arises between the portions of the model, causing uneven expansion. Furthermore, the model surface becomes coarse and the acute angular portion of the model fragile, presumably due to the water existing on the alginate impression surface.
In both cases, polysulfide and silicone impression materials, the above-said coarse surface and uneven expansion are not recognized. They both show similar setting expansion, but in the former case models are hard to take out of the impressions, and there is a fear of the acute angular portions being injured. In the latter case, there is no fear of this because the models are easily removed. 1. Shape of an abutment tooth and the thickness of the impression material Concerning the effect of the thickness of an impression material, the authors compared the expansion tendencies ( Fig. 2 ) of the models constructed by taking impressions of the original model ( Fig. 3 ) that is supposed to be used as the abutment tooth. The results prove that when the impression material is thick, the expansion shows a tendency to increase in the lateral direction (See Fig. 3 , A and B), and dec: Toshiba Silicon Co., Ltd., Japan d : Pika Seiko Ltd., Japan crease in the vertical direction (See Fig. 3 , C), and that it increases in the vertical direction in accordance with the decrease in thickness. For example, in the case of the impression material 3 mm in thickness, the expansion both in the lateral and vertical directions becomes almost the same. In the case of one 5 mm in thickness, the expansion shows the tendency and values much the same as the 3 mm case, but in the case of one 1 mm in thickness, the expansion decreases in the lateral direction and contrarily increases in the vertical direction. These tendencies are fundamentally common to those of the cases shown below. Next, concerning the effect of the shape of the crown the authors compared the expansion tendencies (Figs. 4 and 5 ) of the models constructed by taking impressions of bicuspid and central incisor models prepared as 3/4 crown abutment teeth (Fig. 6) . The results prove that the expansion tendencies in the bucco-lingual direction (See Fig. 6 , a-b) and the misio-distal direction (See Fig. 6 , c-d) are different. For example, in the cases of the impression material, 5 mm and 3 mm in thickness, both bicuspid and central incisor models showed a slightly larger expansion in the mesio-distal direction than in the bucco-lingual direction, but in the case of 1 mm in thickness, though the bicuspid model showed almost the same tendencies as shown above, the central incisor model showed a smaller expansion in the mesio-distal direction than in the bucco-lingual direction. On the other hand, the expansion in the tooth-axis direction (See Fig. 6 , b-e) showed a tendency to increase in accordance with the decrease in the thickness of the impression material. Therefore, close attention should be paid to the fact that in the case of an abutment tooth, such as an incisal edge, having a large difference between bucco-lingual width and mesio-distal width , the expansion is apt to be uneven if thin impression material is used . 2. Taper of an abutment tooth and the thickness of the impression material Concerning the effect of the taper of an abutment tooth , the authors compared the expansion tendencies (Fig. 7) of models constructed by taking impressions of 2 kinds of original models (Fig. 8) with different tapers. The results prove that the difference in taper has little effect on the expansion tendencies in the cervical portion (See Fig. 8, b-g, b' -g'), base portion (See Fig. 8, a-h, a'-h') , and the tooth-axis direction (See Fig. 8 , e-i, e'-i'), but in the occlusal surface portion, the expansion shows a tendency to increase in the mesio-distal direction (See Fig. 8, c- and to decrease in the bucco-lingual direction (See Fig. 8 , e-f, e'-f'), in accordance with the increase in taper. This tendency is remarkable especially in the case of the 5 mm thick impression material. It is considered that the cervical portion and toothaxis direction are not easily effected by the taper but that the occlusal surface portion is most easily effected by it. Therefore sufficient care has to be taken in the process of impression-taking and model-construction of an abutment tooth whose axial surface has a large taper. The authors compared the expansion tendencies (Fig. 9 ) of models constructed by taking impressions of the original model supposed to be used as the abutment teeth for a bridge (Fig. 10) , using trays; one constructed to make all the portions of the impression material the same in thickness (A type tray, Fig. 11 ) and the other constructed to make the portion of the impression material corresponding to the missing part (pontic) thicker (B type tray, Fig. 11 ). The results prove that when an A type tray is used the expansion increases in the outer direction (Fig. 12) , especially remarkable in the case of 5 mm thick impression material. On the other hand when a B type tray is used the expansion increases in the inner direction (Fig. 12 ) and decreases in the outer direction. Therefore, trays should be constructed only after considering these tendencies.
VII Effects of a Base Block on Models
There are 2 methods of constructing full mouth models : with and without a base block attached. This also has an effect on the expansion tendencies. The authors took impressions of a Full Arch Model, a Posterior Missing Model and an Anterior Missing Model (Figs. 13, 14, 15, 16, 17 and 18) by the same method shown above. Using a boxing procedure models were constructed with a base block attached (Type I, Fig. 19 ) and without one (Type II, Fig. 19 ). The comparison of the respective expansion tendencies proved that they are different from each other in their expansion tendencies in the dental arch, the abutment tooth and its adjacent portion. 1. Changes of the dental arch 1) Expansion of the portions of the dental arch (Figs. 20 and 21 ) corresponding to the molars (See Fig. 13 , A-C), bicuspids (See Fig. 13, C-E) , and incisors and canines (See Fig. 13 , E-G) in the mesio-distal direction shows up as slightly larger in Type II than in Type I. When locally observed, the portion corresponding to the incisors and canines is largest and the portion corresponding to the bicuspids is smallest in expansion.
2) As to the expansion in the bucco-lingual direction (Figs . 22 and 23, See Fig. 13 , a-b, c-d, e-f, g-h), there is no remarkable difference between Type I and Type II . When locally observed, the expansion of the central portion (See Fig. 13 , g-h) shows a tendency to be smaller than that of other portions.
3) As to the expansion in the tooth-axis direction (Figs. 24 and 25, See Fig. 13 , a-a', c-c', e-e', g-g'), there is no remarkable difference between Type I and Type II. When locally observed, the expansion of the central portion is the largest . tween the canines (See Fig. 13 , E-F) is widest in the lateral spread due to expansion followed by the portions between the bicuspids (See Fig. 13 , C-D) and molars (See Fig. 13 , A-B) in that order. That is, the nearer the posterior portion , the smaller the lateral spread. Concerning the effect of the thickness of the impression material , it is proved that the lateral spread of the dental arch increases in accordance with the increase in the thickness. In the case of the missing type, the lateral spread occasionally shows a tendency (other than those shown above) to be smaller than the original size, that is, the arch becomes narrower (Figs. 28 and 29 ). In the case of the Posterior Missing type when 1 mm or 3 mm thick impression material is used, the portion between the molars (See Fig. 15 , A-B) becomes smaller than the original size, so do the portions between the molars (See Fig. 17 , A-B) and bicuspids (See Fig. 17 , C-D, W-X) in the case of the Anterior Missing type when 1 mm thick impression material is used. This tendency is recognized both in Type I and Type II, but is smaller in Type II than in Type I. 2. Changes of an abutment tooth An abutment tooth, when prepared, is accompanied by a space between the adjacent tooth and itself. Not only that, in the case of a bridge, a wide space is formed between the abutment teeth. Therefore, an abutment tooth seems to be a solitary tooth when observed from the missing portion side. For this reason there is an expansion tendency that only an abutment tooth shows aside from the expansion tendencies of the dental arch shown above, and it should be noticed that this tendency appears clearly according to the difference between Type I and Type II. An abutment tooth in Type I shows approximately the same expansion tend- Considering these tendencies together with the above-mentioned changes of the dental arch, the presumption is that in the Anterior Missing type with the left and right first bicuspids (See Fig. 17 W, X) used as abutment teeth, the abutment teeth drift in the frontal-outer or frontal-inner direction. That is, in the case of the 5 mm or 3 mm thick impression material, they drift in the frontal-outer direction (Fig. 32) , and in the case of the 1 mm, in the frontal-inner direction (Fig. 32) . Presumably, these tendencies are stronger in Type II. Incidentally, the expansion of an abutment tooth in the tooth-axis direction shows almost the same tendencies as those shown above.
Changes of the adjacent portion
Both in the Posterior Missing type and the Anterior Missing type, the portion adjacent to the abutment tooth shows a tendency to expand in the abutment tooth direction, that is, toward the space between the abutment tooth and the adjacent portion. Consequently, the space between the abutment tooth and the adjacent portion is apt to become narrower than the original size. This tendency is stronger especially in Type II as compared with Type I.
VIII Conclusion
When working models are constructed using die-investments, it is obvious that the impression material to be used, its thickness, the shape and taper of the abutment tooth, the shape of the tray and the existence of a base block on a model will be factors having effects more or less on the working model's dimensions. Therefore, to obtain cast products having preferable adaptability through the die-investing technique, unfavorable effects due to these factors should be lessened as much as possible, case by case, in the process of working from impression-taking to model-construction.
